Background/Aims: P-glycoprotein (P-gp, i.e., MDR1) is associated with the phenotype of multidrug resistance (MDR) and causes chemotherapy failure in the management of cancers. Searching for effective MDR modulators and combining them with anticancer drugs is a promising strategy against MDR. Asiatic acid (AA), a natural triterpene isolated from the plant Centella asiatica, may have an antitumor activity. The present study assessed the reversing effect of AA on MDR and possible molecular mechanisms of AA action in MDR1-overexpressing cisplatin (DDP)-resistant lung cancer cells, A549/DDP. Methods: Human lung adenocarcinoma A549/DDP cells were either exposed to different concentrations of AA or treated with DDP, and their viability was measured by the MTT assay. A Rhodamine 123 efflux assay, immunofluorescent staining, ATPase assay, reverse-transcription PCR (RT-PCR), and western blot analysis were conducted to elucidate the mechanisms of action of AA on MDR. Results: Our results showed that AA significantly enhanced the cytotoxicity of DDP toward A549/DDP cells but not its parental A549 cells. Furthermore, AA strongly inhibited P-gp expression by blocking MDR1 gene transcription and increased the intracellular accumulation of the P-gp substrate Rhodamine 123 in A549/DDP cells. Nuclear factor (NF)-kB (p65) activity, IkB degradation, and NF-kB/p65 nuclear translocation were markedly inhibited by pretreatment with AA. Additionally, AA inhibited the MAPK-ERK pathway, as indicated by decreased phosphorylation of ERK1 and -2, AKT, p38, and JNK, thus resulting in reduced activity of the Y-box binding protein 1 (YB1) via blockage of its nuclear translocation. Conclusions: AA reversed P-gp-mediated MDR by inhibition of P-gp expression. This effect was likely related to downregulation of YB1, and this effect was mediated by the NF-kB and MAPK-ERK pathways. AA may be useful as an MDR reversal agent for combination therapy in clinical trials.
Introduction
Lung cancer is the leading cause of mortality among cancer patients, and non-small cell lung cancer (NSCLC) accounts for approximately 85% of lung cancer cases [1] . Current chemotherapy protocols for NSCLC are known to induce chemoresistance and have a range of adverse effects. Cisplatin (DDP) is the first-line drug used to treat NSCLC. However, most patients suffer from DDP resistance, greatly limiting the treatment of NSCLC [2] . Therefore, studies on bioactive agents that circumvent these limitations and target NSCLC are needed. Triterpenoids, which are synthesized in many plants by the cyclization of squalene, are widely used in Asian medicine [3] . For example, ursolic acid, asiatic acid, and maslinic acids have been reported to show antitumor properties [4] [5] [6] . Recently, many studies revealed that some triterpenoids, such as ursolic acid and oleanolic acid, are P-glycoprotein inhibitors and reverse multidrug resistance (MDR) in cancer cells [7] [8] .
P-glycoprotein (P-gp), a well-documented ATP-binding cassette (ABC) transporter, is an integral plasma membrane protein that contains 12 transmembrane domains and two ATP-binding sites. Using energy provided by ATP hydrolysis, P-gp can extrude compounds with diverse structures from cells, decreasing the drug retention time within cells and subsequently reducing the efficacy of chemotherapeutic agents [9] . High P-gp expression is associated with the emergence of MDR and a reduced response to chemotherapy in many cancers [10] . Therefore, inhibition of P-gp-mediated drug efflux is thought to resensitize multidrug-resistant cancer cells to chemotherapy [11] . Numerous natural and synthetic substances have been demonstrated to be effective at overcoming MDR in vitro and in vivo [12] . These substances include calcium channel blockers (verapamil), immunosuppressants (cyclosporine A and rapamycin), calmodulin antagonists (trifluoperazine), proteome inhibitors (MG132), and triterpenoids, such as ursolic acid (UA) and oleanolic acid (OA) [13] [14] [15] [16] .
Asiatic acid (AA, Fig. 1A ) is a triterpenoid that has been isolated from the plant Centella asiatica, which is a plant used in herbal formulations of traditional Chinese medicine. Increasing evidence suggests that AA possesses biological effects, including anticancer, antiinflammatory, hepatoprotective, and antioxidant properties [17, 18] . Some studies indicate that AA improves memory and enhances learning abilities in treated Sprague-Dawley rats [19] . AA was found to break down acetylcholinesterase more effectively than the acetylcholinesterase inhibitor or physostigmine and galantamine in a thin-layer chromatography bio- autographic assay and then to block the excitatory transmission in the hippocampal Schaffer collateral-CA1 synapse in a dose-dependent manner for GABAA antagonists [20] . Notably, AA can affect multiple signaling pathways and interact with diverse molecular targets. It also has been demonstrated that AA suppresses all three stages of cancer development: initiation, promotion, and progression [21] . AA inter acts with cancer cells thus amplifying proapoptotic signal transduction [22] . Recently, AA has been widely studied in terms of its bioactivities. However, the effects of AA on MDR in cancer cells via inhibition of P-gp expression remain unclear. In this study, we tested whether AA enhances the cytotoxicity of DDP and downregulates P-gp (i.e., MDR1) in A549/DDP cells. Furthermore, we examined whether modulation of MDR1 expression involves the NF-kB pathway and MAPK-ERK pathway mediated by YB1 in A549/DDP cells. We observed the ability of AA to sensitize DDP-resistant lung cancer to DDP and provided insights into the possible mechanisms.
Materials and Methods
Reagents AA, DDP, 3-[4, 5-dimethylthiazol-2-yl]2, 5-diphenyltetrazolium bromide (MTT), and 4′,6-diamidino-2-phenylindole (DAPI) were purchased from Sigma-Aldrich (St. Louis, MO, USA). The antibodies for immunoblotting, i.e., anti-P-gp monoclonal antibodies, anti-NF-kB (p65), anti-phosphorylated IkBa (p-IkBa), anti-YB-1, anti-phosphorylated ERK1/2 (p-ERK1/2), anti-phosphorylated AKT (p-AKT), antiphosphorylated p38 (p-p38), and anti-phosphorylated JNK (p-JNK) were purchased from Cell Signaling Technology (Danvers, MA, USA). Horseradish peroxidase-conjugated anti-mouse or anti-rabbit IgG antibody, rabbit anti-polyclonal antibody, mouse anti-GAPDH antibody, and anti-Lamin B1 monoclonal antibody were purchased from Proteintech (Rosemont, IL, USA). Other reagents were purchased locally from commercial suppliers. Stock solutions of AA (25-100 mM) were prepared in dimethyl sulfoxide (DMSO) and added to the mitochondrial reaction medium or cell culture at 1/1000 (v/v) dilution.
Cell culture
Human lung adenocarcinoma A549 cells and cisplatin-resistant A549/DDP cells were purchased from the Academy of Military Medical Science (Beijing, China). Cells were cultured in the RPMI-1640 medium supplemented with 10% of fetal bovine serum, 100 U/mL penicillin, and 100 mg/mL streptomycin in an atmosphere containing 5% of CO 2 at 37°C. In all experiments, cells were used in the exponential growth phase.
Cell proliferation assay
The MTT assay was performed to assess the effect of AA on cell proliferation and chemosensitivity to DDP. Cells during logarithmic growth were seeded in 96-well plates at a density of 5.0 × 10 3 cells/well for the proliferation assay, followed by treatment with various concentrations of AA dissolved in DMSO (final DMSO concentration <0.1%) for different periods. Next, 20 µL sterile MTT dye (5 mg/mL) was added at 37°C for 4 h, and then the culture medium was removed and 150 µL of DMSO was added, and the resultant liquid was thoroughly mixed for 10 min. Spectrometric absorbance at 570 nm was determined on a microplate reader.
To assess the chemosensitivity to DDP, 1.0 × 10 4 A549 or A549/DDP cells were seeded in 96-well plates and allowed to adhere for 24 h. The cells were then covered with a medium containing 1.0 µg/mL DDP (IC 50 = 1.5 and 8.6 µg/mL for A549 and A549/DDP cells, respectively) in combination with different concentrations of AA (5, 10, 15, or 20 µM) and incubated for another 48 h. The MTT assay was performed as described above.
The concentration at which AA alone or AA in combination with DDP produced 50% inhibition of growth was calculated from the relative survival curve. Positive and negative control groups were also included. The P-gp inhibitor verapamil (1.0 µg/mL) served as a positive control for A549/DDP cells and the negative control group (CK) was treated with the same volume of DMSO.
All the experiments were repeated three times. The cell growth inhibition of each drug was calculated using the following formula: Inhibition = 100% × (1 -[dosing group A/control group A]). Data were graphed on a semi-logarithmic curve with drug concentrations on the X-axis and cell inhibition on the Y-axis. SPSS 
Double-staining [annexin V-fluorescein isothiocyanate (FITC) with propidium iodide (PI)] flow-cytometric analysis of apoptosis in A549/DDP and A549 cells treated with AA and DDP
A549/DDP and A549 cells were incubated with AA (20 μM) and DDP (1.0 µg/mL) both alone and in combination for 72 h. The cells were then collected and digested with trypsin. The cells were centrifuged at 1000 rpm for 5 min and were then washed 3 times with precooled phosphate-buffered saline (PBS) and resuspended in 500 μL of binding buffer. Next, 5 μL of annexin V-FITC (Multisciences, Hangzhou, China) was added and the mixture was incubated in the dark for 5 min. Finally, 10 μL of PI (Multisciences, Hangzhou, China) was added, and the mixture was allowed to react in the dark for 5 min. Fluorescence of the cells was measured on a flow cytometer (Accuri C6, BD Biosciences, San Diego, CA, USA) at 488/530 nm.
Immunofluorescent staining A549/DDP cells were grown on coverslips in 24-well plates and allowed to adhere to the plastic overnight. The cells were then exposed to AA (20 μM) and DDP (1.0 µg/mL) alone or in combination for 48 h at 37°C. The cells were washed with PBS and fixed for 30 min with Fixation buffer (BD Biosciences) at room temperature. Next, the cells were permeabilized for 30 min in 0.5% Triton X-100 and incubated for 1 h at room temperature with a primary antibody (a rabbit anti-P-gp antibody) diluted in PBS supplemented with 3% bovine serum albumin. The cells were rinsed with PBS and incubated with 2 µg/mL Alexa Fluor 488-conjugated goat anti-rabbit IgG antibody (secondary antibody) for 2 h at room temperature. Nuclei were counterstained with DAPI via 5 min incubation at room temperature. After a wash with PBS, the slides were mounted in the Vectashield mounting medium and examined under a FluoView TM FV1000 confocal microscope (Olympus Corporation, Tokyo, Japan) and analyzed with the Olympus Fluview Ver. 1.7b viewer (Olympus Corporation).
The P-gp ATPase assay
The activity of P-gp ATPase in response to AA was determined with the P-gp-Glo assay system (Promega, Madison, WI, USA). According to the user protocol provided by the vendor, the activity of P-gp ATPase was measured in the presence of verapamil (as a positive control) or AA (20 μM) and DDP (1.0 µg/ mL), alone or in combination. The luminescence of the sample reflects the ATP level in the sample, which negatively correlates with the activity of P-gp ATPase and is recorded by the Multi-Mode Microplate Reader (Synergy Mx, Biotek, Winooski, VT, USA). Test compound treatment-related activities were expressed as the percentage of basal activity. Via a comparison of the basal activity with the treatment-related activities, the compounds can be ranked as stimulating, inhibiting, or having no effect on basal P-gp ATPase activity.
RNA extraction and quantitative reverse-transcription PCR (qRT-PCR)
Total RNA was extracted with the TRIzol reagent (Invitrogen, Carlsbad, CA, USA) from AA-treated and untreated cells and purified with the RNeasy Mini Kit (Qiagen, Hilden, Germany). The resulting cDNA samples were amplified by real-time PCR with SYBR Green Real time PCR SuperMix (Invitrogen) by means of the ABI PRISM ® 7500 Sequence Detection System (Applied Biosystems, Foster City, CA, USA). The amplification reaction mixture (25 Table 1 . 18S rRNA served as an internal control. PCR products were subjected to electrophoresis in a 1.5% agarose gel. The fold change in gene expression was calculated by the 2 -DDCt method after normalization to the expression level of 18S rRNA.
Preparation of nuclear and cytosolic extracts
Nuclear extracts were prepared with a commercial kit (KeyGEN, Nanjing, China). All the steps were performed on ice or at 4°C, unless stated otherwise. Protease inhibitors (10 mg/mL aprotinin and 10 mg/ mL leupeptin) and reducing agents (1 mM dithiothreitol and 1 mM phenylmethylsulfonyl fluoride, PMSF) were added to each buffer immediately prior to use. Briefly, the cells were incubated in 10 volumes of hypotonic Buffer A (20 mM HEPES, pH 7.9, 1.5 mM MgCl 2 , 10 mM KCl) on ice for 15 min and homogenized. Nuclei were recovered by centrifugation at 16, 000 × g for 5 min, and the supernatant was collected as the cytosolic extract. The nuclei were extracted with Buffer C (20 mM HEPES-KOH, pH 7.9, 25% glycerol, 420 mM NaCl, 0.2 mM EDTA, 1.5 mM MgCl 2 ) for 40 min on ice. Insoluble material was removed by centrifugation at 16, 000 × g for 10 min, and the supernatant was designated as the nuclear extract.
Western blot analysis A549/DDP cells were treated with normal saline, while A549/DDP and A549 cells were untreated. After treatment with AA (20 μM), DDP (1.0 µg/mL), or their combina tion for 72 h, the cells were collected and lysed with RIPA (Beyotime, Shanghai, China) lysis buffer (50 mM Tris-HCl, pH 8.0, 150 mM NaCl, 0.1% SDS, 1% Nonidet P-40, 0.5% sodium deoxycholate, 0.02% sodium azide, 100 μg/mL PMSF, 1 μg/mL aprotinin) for 30 min on ice. After that, the cells were centrifuged at 16, 000 × g for 15 min. The media were collected, and total protein concentration was detected in the bicin choninic acid (Beyotime) assay. Proteins were analyzed by SDS-PAGE in an 8% gel and then electrotrans ferred onto polyvinylidene fluoride membranes (Millipore, Billerica, MA, USA) using a constant current of 30 mA overnight at 4°C. The polyvinylidene fluoride membranes were blocked with 5% nonfat milk for 2 h and then incubated with anti-P-gp, anti-p65, anti-IkBa, anti-p-AKT, anti-p-ERK1/2, anti-p-JNK, anti-p-p38, anti-YB1, anti-Lamin B1, or anti-GAPDH antibodies (primary antibodies) overnight at 4°C. Expression of GAPDH (or Lamin B1) served as a loading control. A goat anti-rabbit IgG (H+L) secondary antibody was added for 2 h incubation at room temperature. After washing with TBST (1× Tris-buffered saline, 0.1% Tween 20), the bound antibody complexes were detected with the enhanced chemiluminescence reagent (ECL, Amersham Pharmacia Biotech, Piscataway, NJ, USA) followed by X-ray film exposure. This experiment was repeated three times.
The Rhodamine 123 efflux assay of P-gp function A549/DDP cells were incubated with AA (20 μM) and DDP (1.0 µg/mL) either alone or in combination for 72 h. The cells were resuspended in the medium, and then 10 μL/mL Rhodamine 123 staining solution (Santa Cruz Biotechnology, Dallas, TX, USA) was added, and the cells were incubated at 37°C in 5% CO 2 for 30 min. The cells were centrifuged at 2000 rpm for 5 min, washed twice with the medium, resus pended, and incubated for 120 min. Next, the cells were centrifuged again, washed twice with PBS, and analyzed by flow cytom etry at 488/530 nm. This experiment was repeated three times.
Statistical analysis
The results are expressed as the means ± standard deviation (SD). All data were obtained from at least three independent experiments and showed a similar pattern. The data were subjected to one-way analysis of variance followed by Dunnett's multiple-comparison test. Differences with a P value less than 0.05 were considered statistically significant.
Results

Influence of AA on cancer cell viability
Considering the mode of action of MDR-reversing agents, low cytotoxicity is key for these agents. We used the human lung tumor cell line A549 and its related drug-resistant cell line A549/DDP to detect the cytotoxicity of AA by the MTT assay. AA showed no significant toxicity to all cell lines used in this study (the IC 50 values were all >50 µM), and AA at 20 µM showed no cytotoxicity toward any of the cell lines (more than 90% of A549 and A549/DDP cells were viable when treated with AA up to 20 µM, Fig. 1B) . Therefore, 20 µM was chosen as the highest MDR reversal concentration of AA, and we used 5, 10, 15, and 20 µM AA to reverse MDR in vitro.
AA potentiates the sensitivity of the anticancer drug in P-gpoverexpressing cells
To determine whether AA sensitized the lung cancer cells to DDP-induced death, A549 and A549/DDP cells were treated with 5, 10, 15, and 20 µM AA in combination with 1.0 µg/mL DDP for 48 Table 2 , combined treatment markedly decreased the DDP concentrations for achieving 50% growth inhibition when compared to DDP as monotherapy. The IC 50 of DDP in each combined treatment group showed a negative correlation with AA concentrations, suggesting that AA reverses DDP resistance and enhances DDP sensitivity.
The effect of AA on apoptosis of the drug-resistant cell line A549/DDP
Apoptosis of A549/DDP cells in each group was as follows: control group 0.99% ± 0.87%; AA group 2.63% ± 1.00%; DDP group 12.16% ± 2.76%; AA+DDP group 44.24% ± 1.88%; Verapamil+DDP group 67.79% ± 4.25%; and apoptosis rates of A549 cells were as follows: control group 1.23% ± 0.92%; AA group 2.25% ± 1.22%; DDP group 29.66% ± 3.85%; AA+DDP group 21.43% ± 2.20%; Verapamil+DDP group 42.72% ± 3.52%. Strikingly, the combination of AA and DDP resulted in signifi cant apoptosis of A549/DDP cells (Fig. 2) .
Determination of the effects of AA on P-gp nuclear translocation by immunofluorescence staining
Here, we used an anti-P-gp antibody and nuclear dye DAPI to study P-gp nuclear translocation. As shown in Fig. 3 , the green fluorescence of protein P-gp was bright and showed a concentrated distribution in the control group and DDP group. The merged pictures revealed numerous P-gp subunits in the nucleus. However, in the combined-treatment groups (particularly in the AA+DDP group), the green fluorescence of protein P-gp was weak and revealed a loose distribution. The merged picture revealed only a small amount of the P-gp subunit in the nucleus. These results indicate that AA+DDP treatment significantly inhibited P-gp translocation and limited the distribution to the cytoplasm at the usual cytosolic level.
AA enhanced accumulation of Rhodamine 123 in A549/DDP cells
To investigate the mechanism by which AA influenced the functions of P-gp, we evaluated the effects of AA on rhodamine accumulation in A549/DDP cells (Fig. 4A) . In the absence Fig. 3 . Immunofluorescence microscopy analysis of the nuclear translocation of P-gp in A549/DDP cells. The cells were treated with AA (20 μM), DDP (1.0 µg/mL), and their combination for 72 h. The P-gp inhibitor verapamil (1.0 µg/mL) served as a positive control. After 30 min of treatment, the cells were incubated with an anti-P-gp antibody and Alexa Fluor 488-conjugated F(ab')2 fragment antibody (secondary antibody), and nuclei were stained with DAPI. The images were obtained by means of a fluorescence inverted microscope. The images of the green area (representative of the region that contains P-gp) and blue area (representative of the nuclear part that binds DAPI) were overlaid to create a merged fluorescence pattern in areas of colocalization. 
AA inhibited P-gp ATPase activity
The major function of P-gp is to increase drug efflux, which is one of the most important mechanisms of MDR for decreasing intracellular drug concentrations. Compounds that do 
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Cellular Physiology and Biochemistry that of the positive control verapamil group (verapamil functions as a competitive inhibitor of P-gp). These findings suggested that AA is a substrate for transport by P-gp and stimulates P-gp ATPase activity.
The effect of AA on MDR1 mRNA expression and expression of MDR1-related genes in A549/DDP cells
The results of real-time PCR analyses of A549/DDP cells are shown in Fig. 5 . Compared to the control group, the mRNA levels of MDR1, p65, AKT, JNK, ERK1/2, and YB1 increased significantly (P < 0.05) in the DDP-treated group. In contrast, the mRNA levels of MDR1, p65, AKT, JNK, ERK1/2, and YB1 significantly decreased in the AA+DDP treatment group compared to the DDP-only treatment group (P < 0.05). Similar results were observed in the verapamil+DDP treatment group. Additionally, the mRNA levels of IkBa changed significantly in the opposite manner in all treatment groups.
Effects of AA on P-gp and P-gp-related signaling proteins in A549/DDP cells
As shown in Fig. 6A , obvious decreases were observed in the protein levels of P-gp, p-AKT, p-ERK1/2, p-JNK, p-p38, and p-IkBa after cotreatment with AA and DDP as compared to the control group. Moreover, the amounts of all proteins did not clearly change after treatment with DDP alone. Similar results were observed in the verapamil+DDP treatment group. Additionally, treatment with AA+DDP markedly inhibited the nuclear translocation of p65 and YB1 and nuclear concentration of p65 and YB1 subunits (Fig. 6B) .
Discussion
Resistance to drug therapy remains a major challenge in cancer management. Cellular drug efflux mediated by ABC transporters is thought to play an important role in drug resistance. P-gp, one of the most extensively studied and important drug transporters [23] , has been investigated in clinical studies. In addition, elevated expression and activity of P-gp have been reported to be associated with poor clinical outcomes among cancer patients [24] . Based on these findings, a rationale was formulated for modulation of P-gp activity as a therapeutic approach [25] . A large number of compounds including verapamil, cyclosporine A, curcuminoids, and curcumin was demonstrated to exert reversal effects on MDR. However, these compounds failed to reach the clinic because of their severe adverse effects and poor pharmacokinetics in vivo [26] . In the present study, we found that AA significantly increases the sensitivity of multidrug-resistant cancer cells A549/DDP toward the anticancer drug DDP, making AA a promising candidate for reversing drug resistance in cancer chemotherapy.
The main mechanism underlying MDR development involves overexpression of ABC efflux transporters. Consequently, one strategy, based on the use of ABC transporter inhibitors in combination with anticancer drugs, for MDR reversal has been developed. Some natural products were shown to significantly potentiate the cytotoxicity of conventional chemotherapeutic agents in P-gp-overexpressing multidrug-resistant cells by physically inhibiting P-gp activity [27] . Our data suggest that AA in combination with DDP at nontoxic doses markedly enhanced the antitumor activity of DDP toward A549/DDP cells in vitro (Table 2 ). These results indicate that AA exerted a potent MDR reversal activity on P-gpoverexpressing multidrug-resistant cells. Our experiments also revealed that AA alone inhibited cell growth and induced apoptosis in A549 cells and DDP-resistant A549/DDP cells. Of note, combination treatment of A549/DDP cells with AA and DDP resulted in a significant decrease in cellular proliferation and an increase in the percentage of apoptotic cells.
Some studies have shown that chemoresistance may be attrib uted to expression of the multidrug resistance gene (MDR1) and its encoded protein P-gp, which has been found to reduce drug uptake [28] . In our study, after treatment of A549/DDP cells with AA alone or with a combination of DDP with AA, the expression of MDR1 (P-gp) significantly decreased. P-gp encoded by the MDR1 gene is a transmembrane protein, which belongs to the ABC Cellular Physiology and Biochemistry Cellular Physiology and Biochemistry transporter protein superfamily. It functions as an ATP-dependent drug efflux pump [29] and is known to decrease the intracellular concen tration of chemotherapeutic agents [30] . MDR1 (P-gp) is deeply involved in tumor chemoresistance [31] . In this study, the results of the Rhodamine 123 efflux assay revealed that the function of P-gp was significantly inhibited in AA-only treatment group and in combination treatment groups. Thus, AA attenuated chemoresistance of cells when used in combination with DDP, showing that AA sensitized A549/DDP cells to DDP by suppressing the function of P-gp. It has been reported that ATP hydrolysis and substrate transport are tightly coupled, and most compounds known to be transported by P-gp stimulate ATPase activity [32] . To explore the inhibitory mechanism of action of AA on P-gp, the effects on ATPase activity of P-gp were measured in a purified reconstituted P-gp-containing membrane. The ATPase activity of P-gp was stimulated by AA+DDP treatment as well as by verapamil, which is known to be a substrate of P-gp. These results suggest that AA is a substrate of P-gp and competitively interacts with the drug-binding site of P-gp.
Many studies have addressed drug resistance mechanisms, which can be classified into two classes [33] : one is the genetic and epigenetic alternations of tumor cells that affect drug sensitivity; the other is impairment of the drug delivery system of tumor cells. In this study, we found that downregulation of P-gp by AA effectively increased the drug sensitivity of A549/DDP cells. Additionally, we noticed that several signaling proteins in the PI3K-AKTmTOR pathway were downregulated. AKT-mediated signaling accounts for fundamental cell functions such as cell proliferation, DNA repair, and antiapoptotic processes [34] . It has been reported that AKT activation occurs in solid tumors frequently [35] . A point mutation in AKT leads to its activation in a PI3K-independent manner [36] . Based on the results of qRT-PCR and western blotting, AKT-mTOR signaling may be involved in the regulation of drug sensitivity by inhibiting cell proliferation. These results provide important new insights into drug resistance modulation.
P-gp expression is mediated by several signaling pathways including NF-kB, MAPK, PI3K, COX-2, and ROS [37] . Among these, the NF-kB and MAPK pathways are the most important factors in terms of their molecular mechanisms relating to induction of MDR. The NF-kB pathway responds actively to MDR1 induction, as indicated by formation of reactive oxygen species, activation of the IkB kinase, and degradation of IkB [38] [39] [40] [41] . Besides, NF-kB binds to nucleotide position -159 of the MDR1 promoter, thereby mediating the transcription of MDR1 [42] . Similarly, the MAPK pathway, comprising ERK, JNK, and p38, plays critical roles in the transduction of signals delivered by various types of stimuli to regulate the expression of MDR1 [43] . In addition, numerous studies suggest that the overexpression of P-gp is closely associated with the nuclear localization of YB1 in solid tumors such as breast cancer, ovarian cancer, and prostate cancer [44] . Additionally, it has been reported that the MAPK pathway regulates YB1 phosphorylation [45] . Our results indicated that AA alone and in combination with DDP decreased the amounts of P-gp, p-ERK1/2, p-JNK, p-p38, and p-IkBa and inhibited YB1 nuclear translocation as compared to treatment with DDP alone. Thus, AA seems to downregulate P-gp, and this action is likely associated with inhibition of the NF-kB and MAPK pathways in A549/DDP cells.
Taken together, our current experiments indicate that AA significantly increases the efficacy of DDP against A549/DDP cells and reverses the multidrug-resistant phenotype by blocking the function of P-gp and by inhibiting MDR. Furthermore, AA suppressed YB1 nuclear translocation, which was mediated by the NF-kB and MAPK-ERK pathways. This action likely correlates with the downregulation of P-gp. Although we preliminarily identified the possible mechanism of AA's inhibitory action on P-gp expression, how AA interacts with P-gp via the NF-kB and MAPK-ERK pathways is unknown. Moreover, our results are also limited to human lung cancer cell lines A549/DDP and A549 in vitro. Our further research will focus on whether AA can reverse MDR in other cancer cells as well as animal models in vivo.
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